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LIST OF ILLUSTRATIONS
The iterative calibration routine uses trial and error to compare the set of 4 measured data points with trial data points calculated with aircraft orientation, scanner setting, and scanner alignment data.
In the dual-wedge scanner coordinate system, the input vector S is collinear with the x axis, which is the axis of rotation for the two wedges.
Using simple approximation, counterrotating two equal wedges of the scanner produces a straight line on the z axis.
A closer look at counterrotating equal wedges shows errors of 30 meters at 10,000 meters for a scan 8,000 meters wide.
Counterrotating unequal wedges produces greater distortions to the scan generated.
Rotating the second wedge independently produces the ellipse shown. The desired point can then be arrived at by rotating the wedges simultaneously.
Calculating aircraft alignment involves three rotations about the coordinate systems of heading, pitch and roll.
I. INTRODUCTION
The ability to precisely position a laser beam along one of many desired lines of sight is vital to many laser radar systems.
It is often beneficial to house the equipment in a small package as well, so that, for example, the dimensions of an output window which the scanned beam passes through may be made as small as possible. When limited spatial coverage is sufficient and this packaging constraint exists, a scanner using two wedges which may be rotated independently about the direction of the input beam is an attractive choice. A 30.S-cm-diameter germanium dual-wedge scanner has been built for a CO 2 doppler lidar used on NASA's CV-990 aircraft for meteorological research 1 and was tested on that aircraft during a flight test in 1981. 2 The success of this test demonstrated that precise, reproducible pointing could be achieved with this device. Two problems were observed during this test and the subsequent analysis:
(a) The dependence of the deviation on the angle of incidence at the second wedge, while small, was sufficient to produce an error greater than that caused by other sources, and more accurate positioning calculations were therefore required.
(b) A more accurate alignment procedure was required to establish the relationship between the scanner axes and a known reference frame.
Since the desired reference frame was determined by the inertial navigation system (INS) of the aircraft and no reference surfaces were available near the scanner, it became obvious that this alignment must be performed relative to the INS-indicated aircraft orientation.
If the scanner alignment parameters--wedge angles, wedge orientations, and the axes of the scanner and input beam direction--are known exactly, the line of sight of an output beam can be determined from the indicated wedge positions as shown in The approach to precision pointing will be described beginning with the generation of a simple line scan, followed by a description of the full-coverage pointing algorithm. Next, the iterative calibration algorithm will be described along with its application to a model scanner. Finally, the calibration algorithm will be applied to a limited set of calibration data collected during preparation for the 1981 flight tests, and the results compared to actual flight test results.
LINE SCANS
One simple application of a dual-wedge scanner is the generation of straight line scans. As shown in Figure In the dual-wedge scanner coordinate system, the input vector S is collinear with the x axis, which is the axis of rotation for the two wedges. parallel, they may be neglected; therefore, the two surfaces to be considered are the inner surfaces of the inner wedge and the outer surface of the outer wedge, described by , . . . , . . . '" A N j = cos Wj i + sin Wj (cos 8 j j + sin 8 j k), (2 ) with a beam incident along the x axis described by
For equal wedges, the scan pattern follows the bow-tie curve shown in Figure 4 . This curve, drawn with wI = w 2 = 3.3275°,
shows that the errors in the y direction can equal approximately 30 meters at a range of 10,000 meters. This error reduces to zero whenever 8 1 and 8 2 are each at 90° intervals. Figure 5 shows the effects of unequal wedges on the curves and illustrates some of the problems associated with precise positioning using a dual-wedge scanner.
FULL COVERAGE PRECISE POINTING
The problem of precise pointing could be solved by inverting the vector equations for refraction at two surfaces to solve for 8 1 and 8 2 , but this is a difficult or impossible task. A realistic approach has been developed using a two-step process which may be described in terms of its deviation angle from the x axis Figure 4 . A closer look at counterrotating equal wedges shows errors of 30 meters at 10,000 meters for a scan 8,000 meters wide. The second step is to rotate both wedges by the additional amount required to achieve the desired rotation.
The two steps are defined precisely as follows. It is con-.... 
To derive an equation for S3' the output vector, and solve that equation for the rotation angles of the wedges, equation (4) is used again in equation (1), along with N 2 , calculated using 9 2 = ~9, the difference angle. This, in effect, is the same as counterrotating the two wedges except that the frame of reference "-rotates with 9 1 (see Figure 6 ). N2 is given as " " " A N2 = (cos w 2 ) i + (sin w 2 cos ~9) j + (sin w 2 sin ~9) k. (5) Since, by definition, the final unit vector along the beam from the second wedge will have an x component x3 = cos (dev), 
ALIGNMENT AND CALIBRATION
The initial application of this system was to position a doppler lidar beam in order to measure wind fields from an aircraft. 4 On an aircraft, there are several reference frames which may be useful. Transforming from one frame to another involves only the rotation about the three primary axes of the aircraft itself.
These rotations, shown in Figure 7 , are defined individually.
The heading is a negative rotation (using the right-hand rule) about the y axis; heading is defined by the convenient compass angles referenced to true north. The pitch is a negative rota- There are at least six critical parameters for the correct alignment of the scanner: w 1 , w 2 , 6 1 , 6 2 , ROLL and THG (true heading). In order to precisely position an output beam, it is necessary to align the axis of the scanner and the 0° reference marks of both wedges with the three axes of the inertial navigation system, as well as to ascertain the wedge angles of both wedges. Since it would be difficult to locate the required reference surfaces and perform the installation accurately, a method has been developed to determine these angles from measurements made after the scanner is installed in the aircraft; specifically, a program has been written which calculates the wedge and rotation angles as well as the errors in roll and heading using four selected scan vectors at which the beam is positioned.
It would be possible to use the four measured parameters, Sind' ROLL ind , PITCH ind , and THG ind (where the subscript "ind" 
.... here for positioning and alignment will be used for these tests and will be evaluated in a ground-based experiment in early 1984.
